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ABSTRACT 
The present research focused on the contribution of water-based magnetic fluid to the variation of the 
chlorophyll content in wheat by application associated with urea. Urea and magnetic fluid in various 
concentrations determined variations of the chlorophyll content in wheat plants, within the limits of 
52.73±0.15 - 57.10±0.12 SPAD units, 48 hours after the treatment (R2 = 0.955, p<0.01) and  52.87±0.43 - 
55.53±0.57 SPAD units, 10 days after the treatment (R2 = 0.994, p<0.01), respectively. The increase in the 
chlorophyll content caused by the two factors is variable, and urea has a faster effect than the magnetic fluid. 
The mathematical equations describing the change in chlorophyll have a high degree of safety. Multivariate 
analysis facilitated cluster grouping of the variants depending on the results generated, with obvious 
separation of the variants treated with magnetic fluid. The value of the cophenetic coefficient is 0.998, which 
provides high certainty to the orientation and cluster grouping of the variants. 
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INTRODUCTION 
 
The interest in the implications of magnetic fluids in the vegetal field has materialized in 
various studies. LOBREAUX ET AL. (1992) studied the influence of magnetic nanoparticles 
coated in perchloric acid on the growth of Zea mays plants in the early stages of 
development. They found that treatment with iron-based magnetic fluid induced changes in 
the accumulation of ferritin proteins in the roots and leaves of maize plantlets, for three 
days. SALA (1999) studied the influence of magnetic fluids on some metabolic processes 
such as seed germination, plant growth and development in the early vegetation stages.   
CORNEANU ET AL. (1998) highlighted the stimulating effect of magnetic fluid on the 
accumulation of starch in the vegetal cell, and GODEANU ET AL. (1998) proved stimulating 
effects of magnetic fluids on plant growth. Running such a study on species Mammilaria 
duwei on growth medium treated with (water-based and petroleum-based) magnetic fluids, 
the authors found intensification of the metabolic activity in live tissues. MIHAELA 
RĂCUCIU and DORINA EMILIA-CREANGĂ (2007) showed the contribution of magnetic fluid 
to the revitalization of ageing tissue, to the decrease of necrosis and to acceleration of 
plantlet emergence. 
PINTILIE ET AL. (2006) as well as MIHAELA RĂCUCIU, DORINA-EMILIA CREANGĂ (2007) 
studied the influence of magnetic fluids on vegetal pigments with an assimilating role, 
especially on the chlorophyll content (a, b) and carotenoids in maize leaves, given that iron 
is involved in the synthesis of chlorophyll. 
In addition, certain phytotoxic effects of different types of magnetic nanoparticles on plant 
germination and growth in the early vegetation stages of Cucurbita pepo (STAMPOULIS ET 
AL. 2009) and Cucumis sativus (PENG ZHANG ET AL. 2012) were discovered. 
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Starting from the proven effect of ferrofluids on plants, a number of studies investigated 
the pervasion of magnetic nanoparticles into the vegetal organism, as well as their 
translocation and circulation to different vegetal tissues and structures (GONZALEZ ET AL. 
2008, ZUNY ET AL. 2010, CORREDOR ET AL. 2010). 
Recent research in the field of nanotechnologies has focused on the control of chemical 
substances that protect plants, nutrients respectively, by using magnetic nanoparticles 
(REMYA NAIR ET AL. 2010). 
The present research deals with the contribution of water-based magnetic fluid to the 
variation in the chlorophyll content in wheat, by applying it in variable concentrations 
together with urea. 
 
 
MATERIAL AND METHOD 
 
The biological material was species Triticum aestivum ssp. vulgare, Alex cultivar. The 
crop presented high uniformity regarding plant density and the nutrition and vegetation 
state. The fertilizer used for foliar application, chosen for its fast effect on plants, was urea, 
in a concentration of 10% in aqueous solution. The magnetic fluid used was one based on 
water, biocompatible , with saturation magnetization . The magnetic fluid was used in 
concentrations of 0.1%, 0.5% and 1% in urea solution. The variants were as follows: V1 
(Mt), V2 – Urea 10%, V3 – Urea10% + MF0.1%, V4 – Urea 10% + MF0.5%, V5 – Urea 
10% + MF1%. The solutions were applied uniformly with a carried sprayer, during stem 
elongation (BBCH 35-37, flag leaf just visible).The determinations were made 48 hours 
and 10 days after the treatment. The indicator the study focused on was chlorophyll, a 
photosynthetic parameter in functioning of which both iron and nitrogen (nutrients 
supplied by the application of treatments) are involved. For this determination, SPAD 502 
Plus (Konica Minolta Sensing Inc. Japan) was used.  
Processing of experimental data was performed with the statistic module of application 
EXCEL of Office 2007 and with the programme called Past. Determinations of descriptive 
statistical analysis were made, as well as correlations, regressions and multivariate 
analysis. 
 
 
RESULTS AND DISCUSSION 
 
The urea and magnetic fluid in different concentrations determined variations in the 
chlorophyll content of wheat plants within the limits of 52.73±0.15 - 57.10±0.12 SPAD 
units 48 hours after the treatment, and 52.87±0.43 - 55.53±0.57 SPAD units 10 days after 
the treatment (Table 1). The distribution of the chlorophyll content based on the complex 
action of the two factors 48 hours after treatment application can be described by relation 
(1) in conditions of high statistical certainty (R2 = 0.955; p<0.01) (Figure 1). 
 
       (1) 
where: , representing the cumulative effect of the two factors  
 
The individual contribution of the two factors in the chlorophyll content recorded 48 hours 
after the treatment is described by relation (2) in conditions of statistical certainty (R2 = 
0.828, p = 0.171). 
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      (2) 
where: ,  
 
Table 1. The variation of the chlorophyll content in wheat plants under the influence 
of urea and magnetic fluid 
 Chlorophyll 
 
 
Experimental variant 
Mean chlorophyll content 
(SPAD units) 
Before the 
treatment 48 hours after 10 days after 
Mt 
52.71±0.16 
52.73±0.15 52.87±0.43 
Urea 10% 55.11±0.11 54.70±0.55 
Urea 10% + LMA 0.1% 57.10±0.12 55.53±0.57 
Urea 10% + LMA 0.5% 56.37±0.18 56.49±0.58 
Urea 10% + LMA 1% 56.16±0.14 56.83±0.41 
 
The distribution of chlorophyll content 10 days after treatment application, based on the 
complex action of the two factors – urea and magnetic fluid, is described by relation (3) 
with high statistical certainty (R2 = 0.994; p<0.01) (Figure 2). 
 
      (3) 
where: representing the cumulative effect of the two factors  
 
  
 
Figure 1. The distribution of the 
chlorophyll content in wheat plants 48 
hours after treatment 
 
Figure 2. The distribution of the 
chlorophyll content in wheat plants 10 
days after treatment 
 
The individual contribution of the two factors to the chlorophyll content recorded 10 days 
after the treatment is described by relation (4), also with high degree of statistical certainty 
(R2 = 0.957, p = 0.04). 
 
      (4) 
where: ,  
The comparative analysis of the experimental data shows that urea has a faster effect 
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towards the modification of the chlorophyll content in wheat leaves, while magnetic fluid 
has a slower influence, its potential being seen after a longer period of time and identified 
10 days after treatment. This is proven by the values of the coefficients of the two factors 
(urea and magnetic liquid) in equations (2) and (4), as well as by the actual increase of the 
chlorophyll content. In the equation that describes the variation of the chlorophyll content 
in wheat leaves 48 hours after (2), the involvement coefficient of urea is 0.3348, while that 
of magnetic fluid is 0.2621. In equation (4), which describes the distribution of the 
chlorophyll content 10 days after treatment, the values of the coefficients for the two 
factors analysed are 0.2237 for urea and 1.9530 for magnetic fluid. 
The importance of magnetic fluid in the increasing variation of the chlorophyll content can 
be accounted for by iron, in the form of the magnetite present in the structure of the 
ferrofluid, which enters into plant metabolism after being absorbed at foliar level. Iron is a 
precursor of chlorophyll and it plays an important part in nitrogen metabolization.  
MARSCHNER (1995) estimated that nitrogen (N) is one of the most important inorganic 
nutrients in plants because it is a major constituent of proteins, nucleotides, as well as 
chlorophyll and numerous other metabolites and cellular components. According to the 
same author, among the factors which may limit  assimilation, iron (Fe) plays a 
crucial role, being a metal cofactor of enzymes of the reductive assimilatory pathway 
nitrate reductase (NR), nitrite reductase (NiR) and glutamate synthase (GOGAT), all 
requiring Fe as Fe-heme group or Fe-S cluster. ANDREA BORLOTTI ET AL. (2012) 
communicate that Fe deficiency has a differential effect on N metabolism in roots and 
leaves, with particular adaptive mechanisms to nutritional constraint acting at the whole 
plant level. 
 
Table 2. Variation of the chlorophyll increase depending on the determination factors 
Parameters 
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Mt - - 52.71 52.73 -  - - - 52.87  - - - - 
Urea 10% 10 0 52.71 55.11 2.38 2.38 0 0 54.70 1.83 1.83 0.00 0 
Urea 10% + 
LMA 0.1% 10 0.1 52.71 57.10 4.37 2.38 1.99 1.99 55.53 2.66 1.83 0.83 0.83 
Urea 10% + 
LMA 0.5% 10 0.5 52.71 56.37 3.64 2.38 1.26 0.73 56.49 3.62 1.83 1.79 0.96 
Urea 10% + 
LMA 1% 10 1 52.71 56.16 3.43 2.38 1.05 0.21 56.83 3.96 1.83 2.14 0.34 
 
48 hours after treatment application, the variation of the chlorophyll content was made 
with 2.38 – 4.37 SPAD units, with differentiated contribution of the two factors. Urea 
determined chlorophyll variation by 2.38 SPAD units, while magnetic fluid determined 
chlorophyll variation with values between 1.05 and 1.99 SPAD units, as shown in Table 2. 
In the same experimental conditions, in the control variant the chlorophyll content was 
52.73 SPAD units, which served as reference for calculating the variation unit.  
10 days after treatment application, the total variation of the chlorophyll content was made 
with 1.83 to 3.96 SPAD units, with differentiated contribution of the two factors. Urea 
determined an average general chlorophyll increase of 1.83 SPAD units, and magnetic 
fluid determined chlorophyll increase between 0.83 and 2.14 SPAD units, values that 
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increase together with the concentration of magnetic fluid (Table 2). 
The gradient of chlorophyll increase given by magnetic fluid ∆ChlLM is on the decrease 
both 48 hours and 10 days after the treatment. 
Multivariate analysis of the experimental results resulted in grouping the variants in two 
distinct clusters, depending on variant affinities in generating the result. One cluster 
includes only the control variant (V1), and the second one includes the four treated 
variants, subgrouped into two clusters. Variant V2, where only urea was applied, is 
positioned separately, while the other three variants (V3 – V5), where magnetic fluid was 
also applied, in concentrations of 0.01 – 1% are grouped together, as shown in Figure 3. 
The value of the cophenetic coefficient is 0.998, which gives high certainty to orienting 
and grouping the results based on the experimental data analysed. 
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Figure 3. Cluster grouping of the variants based on Euclidean distances in relation to 
the results obtained 
 
CONCLUSIONS 
 
Associating water-based magnetic fluid with urea for extra-radicular application is 
possible, with effects on the upward variation of the chlorophyll content in wheat plants. 
The singular influence of the two products was quantified differently, it being faster in the 
case of urea and slower in the case of magnetic fluid. Using the two products together 
generates a synergetic effect on the variation of the chlorophyll content.  
Magnetic fluid can be used for the control and directing of chlorophyll content in wheat by 
association with urea, and it enhances its effect.    
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